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habitat	 fragmentation	by	altering	 their	movement.	We	highlight	 that	 any	patch	
size	 is	 of	 value	within	 a	 home	 range	 and	management	 efforts	 should	 focus	 on	
maintaining	sufficient	habitat	especially	at	the	core	range	scale.
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remains	 in	 fragmented	 landscapes	 will	 be	 increasingly	 important.	
Such	 management	 should	 be	 grounded	 in	 a	 detailed	 understand-
ing	of	how	species	 respond	to	 the	 loss	and	fragmentation	of	 their	
habitat.
The	 impacts	 of	 habitat	 fragmentation	 on	wildlife	 species	 have	
generally	 been	 described	 in	 terms	 of	 how	 landscape	 configura-




habitat	 continuum	 and	 habitat	 amount	 hypotheses	 (Fahrig,	 2013;	







Species‐specific	 responses	 can	 be	 understood	 by	 studying	 in-
dividual	 movements,	 which	 reveal	 the	 process	 by	 which	 animals	
meet	their	habitat	requirements	as	they	respond	to	heterogeneity	in	
their	environment	(Johnson,	1980;	Jones	&	Davidson,	2016).	Home	




recently,	 habitat	modification	 (Beasley	&	Rhodes,	 2010;	 Tucker	 et	
al.,	2018).	For	example,	larger	interpatch	distances	are	expected	to	
hinder	reproductive	and	foraging	successes	by	reducing	home	range	
sizes	 in	 saw‐whet	 owls	 (Hinam	&	Clair,	 2008).	 In	 female	 roe	deer,	
increased	 edge	 density	 provides	more	 foraging	 opportunities	 and	
leads	to	smaller	home	ranges	(Saïd	&	Servanty,	2005).	Still,	there	is	






Fragmentation	 is	 often	 accompanied	 by	 degradation	 of	 habitat	









Here,	we	 investigate	how	home	 ranges	of	 a	woodland	 specialist	
















Our	 aim	was	 to	 determine	 how	 fragmentation	 influences	 per-
sistence	of	 the	 eastern	bettong,	 by	measuring	 its	 influence	on	 in-
dividual	 home	 ranges.	We	 predicted	 that	 if	 eastern	 bettongs	 can	
compensate	 for	 fragmentation	 through	 increased	movement,	 their	
home	 range	 size	 would	 increase	 as	 they	 expand	 their	 range	 of	
movement	 to	 find	 essential	 habitat	 resources.	 However,	 if	 there	
are	 limitations	on	the	ability	to	move	between	patches,	we	expect	
this	would	be	reflected	 in	a	reduction	 in	home	range	area	with	 in-
creasing	 fragmentation,	 as	 individuals	 become	 confined	 to	 one	 or	
a	small	number	of	habitat	patches.	Habitat	degradation	is	a	conse-
quence	of	 the	process	of	habitat	 fragmentation,	both	directly	and	
also	 indirectly	 as	 smaller	 fragments	 have	 greater	 edge	 effects,	 in	
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on/hotsp	ots/natio	nal‐biodi	versi	ty‐hotspots,	 accessed	24/05/2018)	
covering	 an	 area	 of	 approximately	 7,760	 km2.	 Before	 European	












Eastern	 bettongs	 were	 trapped	 between	 June	 2015	 and	 May	
2017.	 Trapping	 sessions	 included	 3–5	 nights	 of	 trapping	 per	
week	 for	 3	weeks	 at	 each	 site	 resulting	 in	 305	 trap	 nights.	We	











1	 month	 after	 deployment.	 GPS	 locations	 collected	 during	 the	








calculated	 using	 Brownian	 bridge	 kernels	 (Horne,	 Garton,	 Krone,	
&	 Lewis,	 2007).	 This	 method	 assumes	 successive	 relocations	 are	




ment	 paths,	while	 also	 including	 pathways	 between	points,	which	
may	 be	 ignored	 in	 traditional	 kernel	 and	 MCP	 analyses	 (Walter,	
Fischer,	Baruch‐Mordo,	&	VerCauteren,	2011).	Estimates	were	ob-
tained	using	the	“kernelbb”	function	in	the	adehabitatHR	and	ade-
habitatLT	 packages	 (Calenge	&	 Calenge,	 2016)	 in	 R	 version	 3.2.1.	
The	UD	was	calculated	for	each	individual	at	the	95%	isopleths.	To	
remove	outliers	and	potential	errors,	we	chose	to	use	the	95%	iso-
pleth	 in	 analysis	of	 factors	 affecting	home	 range	 sizes.	 Estimating	
home	 range	 size	 differences	 between	 sexes	 was	 analyzed	 using	
ANOVAs	and	standard	Tukey	Honest	significant	differences	for	post	
hoc	comparisons.
F I G U R E  1  Map	showing	the	Midlands	bioregion	of	Tasmania,	Australia,	and	the	location	of	sites.	Red	circles	represent	location	of	sites	
where	home	range	estimates	were	calculated	and	the	corresponding	outline	of	sites;	green	highlights	woodland	communities,	and	gray	
represents	agriculture	and	urban	areas
Site 2Site 1 Site 3




to	 the	 type	 and	 community.	Where	GPS	 points	were	 present,	we	
classified	 vegetation	 into	 broad	 communities	 including	 woodland,	
grassland,	plantation,	and	pasture.	To	gain	an	understanding	of	what	
defines	habitat	for	a	species,	it	is	important	to	measure	the	elements	
and	characteristics	of	 the	 local	environment	 that	are	 important	 to	
meet	the	resource	needs	of	the	species	 (Betts	et	al.,	2014;	Fahrig,	
2013;	 Johnson,	 1980).	 To	 ensure	 each	broad	 community	was	 cor-
rectly	 identified,	 these	 were	 ground	 truthed	 while	 radio‐tracking	





Previous	studies	have	suggested	 that	 stem	density	of	 regener-







dle	 and	 running	 in	 each	 cardinal	 direction.	We	 then	 recorded	 the	
number	of	regenerating	stems	of	overstory	eucalyptus	tree	species	
within	5	m	either	 side	of	 the	 transect.	The	 total	 counts	per	patch	
were	calculated	as	stem	density	per	hectare	used	as	a	variable	for	
habitat	quality.
































Models	 were	 built	 with	 single	 variables	 as	 well	 as	 all	 possible	
combinations	of	explanatory	variables	to	test	our	hypotheses	across	
both	buffer	ranges.	Variables	measured	within	a	buffer	range	were	
only	 modeled	 with	 other	 variables	 within	 the	 same	 buffer	 range;	
therefore,	 we	 ran	 a	 total	 of	 10	 models.	 Multi‐model	 inference	
(Burnham	&	Anderson,	2002)	was	used	to	determine	the	models	that	





2.6 | Measuring the relationship between 
fragmentation and amount of habitat
We	further	wanted	to	test	the	relationship	between	fragmentation	




Site Site area (ha) Tracked individuals





































weight	 of	 0.37,	 included	 sex	 and	 the	 aggregation	 index	 of	 habitat	
within	a	radius	of	250	m	of	the	range	center	(representing	daily	activ-
ity;	Table	3).	Males	had	larger	home	ranges	than	females,	and	ranges	








amount	 at	 the	 core	 range	 is	more	 important	 in	determining	home	
range	size	variations	in	fragmented	landscapes.
3.3 | Measuring the effects of fragmentation on 
amount of woodland
There	were	three	models	within	2	delta	AICc	of	each	other	(Table	4).	
The	 first	 included	habitat	aggregation	measured	at	 the	core	 range	
scale	 and	 sex	 of	 the	 individual,	with	 an	AICc	weight	 of	 0.43.	 The	
model	suggests	that	at	the	core	range,	the	amount	of	habitat	used	
increases	 with	 increasing	 habitat	 aggregation.	 The	 second	 model	
included	habitat	aggregation	measured	at	the	home	range	size	and	
sex	of	the	individual	with	an	AICc	weight	of	0.3.	At	the	home	range	
scale,	 the	 amount	 of	 habitat	 used	 increases	when	habitat	 is	more	



































Model K AICc dAICc AICc W
Sex+Clumpy250 4 247.93 0 0.37
Sex+PW250 4 248.69 0.76 0.25
Sex+Quality+Clumpy250 5 250.93 3 0.08
Sex+Quality 4 251.15 3.22 0.07
Sex+PW750 4 251.56 3.63 0.06
Sex+Clumpy750 4 251.58 3.65 0.06
Sex+Quality+PW250 5 251.82 3.89 0.05
Sex+Quality+PW750 5 254.28 6.35 0.02
Sex+Quality+Clumpy750 5 254.28 6.36 0.02
Null 2 254.31 6.38 0.02






cialist,	 the	eastern	bettong,	 in	an	agricultural	 landscape	as	a	study	
system,	investigating	how	the	amount,	configuration,	and	quality	of	
habitat	patches	influence	movement	ranges,	which	is	the	process	by	




aggregated,	 bettong	home	 range	 size	 increases,	 probably	 because	
they	need	 to	 cross	 gaps	 (pasture)	 to	 reach	 sufficient	woodland	 to	
fulfill	their	food	requirements.	Where	there	are	more	patches	avail-
able	within	 traveling	 distance,	 home	 range	 size	 increases	 because	
bettongs	are	crossing	more	gaps	and	covering	a	greater	total	area.	








Cunha,	 &	 Setz,	 2019;	 Jackson	 &	 Fahrig,	 2012;	 Miguet,	 Jackson,	
Jackson,	Martin,	&	Fahrig,	2016)	and	therefore	is	species	dependent.	





















ual	 species.	 As	 a	 dietary	 specialist	 on	 hypogeal	 fungi	 that	 grow	
in	 eucalypt	 woodland	 communities,	 the	 eastern	 bettong	 has	 a	







TA B L E  4  Candidate	models	used	to	determine	the	relationship	
between	fragmentation	and	the	amount	of	woodland	used	in	a	
bettong's	core	and	home	range	size
Model K AICc dAICc AICc W
Clumpy_core+sex 4 164.16 0 0.43
Clumpy_HR+sex 4 164.86 0.69 0.3
Clumpy_HR 3 165.52 1.35 0.22
Null 2 169.27 5.1 0.03
Clumpy_core 3 170.41 6.24 0.02
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F I G U R E  3  Top	model	estimates	showing	partial	residuals	and	95%	CI,	testing	the	relationship	of	fragmentation	on	the	amount	of	
woodland	within	(a)	a	bettong's	estimated	core	range	and	sex;	(b)	a	bettong's	estimated	home	range	and	sex;	and	(c)	a	bettong's	estimate	
home	range












ily	 restrict	habitat	use;	 rather,	 small	 and	 isolated	patches	can	be	
of	value	because	they	contribute	to	the	total	habitat	amount	that	
each	 individual	 requires	 for	 a	 viable	 home	 range.	 The	 ability	 to	








and	 shelter	 for	 themselves	and	offspring	 (Sunde,	Redpath,	&	Kelt,	
2006).	 Given	 the	 significantly	 smaller	 ranges	 of	 females	 to	 males	
within	our	study,	they	are	likely	to	be	more	impacted	by	further	hab-
itat	loss	and	fragmentation	at	the	core	range	size	(Arroyo‐Rodríguez,	
González‐Perez,	 Garmendia,	 Solà,	 &	 Estrada,	 2013;	 Smith	 &	
Hellmann,	2002).	This	can	have	negative	implications	on	population	





movement	between	 the	sexes	and	determine	 the	 impacts	of	 frag-
mentation	across	life	stages,	for	example	with	and	without	offspring.







unusable.	 Small	 patches	 can	 contribute	 to	 the	 total	 amount	 of	
habitat	available	which	can	be	valuable	(Tulloch,	Barnes,	Ringma,	
Fuller,	&	Watson,	2016)	for	movement	(Barbosa,	Knogge,	Develey,	




where	 there	 is	 sufficient	 habitat	 for	 populations	 to	 persist.	Our	
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